Patients undergoing cancer treatment experience a multitude of symptoms that can influence their ability to complete treatment as well as their quality of life during and after treatment. This cross-sectional study sought to describe the dietary changes experienced by cancer patients and to identify associations between these changes and common treatment symptoms. A convenience sample of 1199 cancer patients aged 18 yr and older undergoing active treatment were recruited from 7 cancer centers to complete a selfadministered paper-and-pencil survey. Descriptive analyses were conducted to estimate prevalence of dietary changes and chi-squared tests were used to examine associations between dietary changes and health outcomes. Approximately 40% of patients reported a decreased appetite since beginning treatment, and 67.2% of patients reported at least 1 chemosensory alteration. Increased taste sensitivities were more common than decreased taste sensitivities, with increased sensitivity to metallic being the most common taste sensitivity (18.6%). Patients also had increased sensitivities to certain smells including cleaning solutions (23.4%), perfume (22.4%), and food cooking (11.4%). Patients reported a wide range of
INTRODUCTION
Approximately 1.66 million people will be diagnosed with cancer in the United States in 2014 (1) . Most patients diagnosed with cancer will receive treatment, and patients undergoing treatment experience a multitude of symptoms, including fatigue, pain, difficulty breathing, nausea, appetite loss, and unintentional weight change (2) (3) (4) (5) . These symptoms can negatively impact one's ability to complete treatment as well as one's quality of life during and after treatment (6) (7) (8) (9) (10) (11) .
Cancer treatment may affect one's diet, and dietary changes can exacerbate other treatment related symptoms. For example, cancer patients who experience chemosensory alterations, distorted taste, and increased sensitivity to smells due to the cancer itself or as a side effect of treatment (12, 13) are more likely to report higher levels of weight loss, lower energy intake, and worse quality of life (12, (14) (15) (16) (17) . A surprisingly high number of patients undergoing cancer treatment report distortions to their sense of taste or smell (17, 18) . Cancer patients also report early satiety and food aversions as a result of treatment (19) . Dietary interventions, such as dietary counseling, flavor enhancement, oral supplementation, or tube feeding, have been found to lessen weight loss and improve health status (9, (20) (21) (22) (23) .
Most of the research exploring the relationship between diet and health status/quality of life during cancer treatment has focused on specific subgroups, such as patients with advanced cancer (24) or patients with head and neck cancers (18, 20) , and include smaller sample sizes (19) . However, a recent study of 1453 outpatients suggests that a broader range of patients are at nutritional risk during cancer treatment (25) . Despite this, nutritional screenings are not routinely conducted with cancer patients.
There is a need to better understand the relationship between treatment and diet among a larger, more diverse group of cancer patients to inform the development of dietary interventions that mitigate symptoms during treatment and improve quality of life. The purpose of this descriptive study is to 1) describe the dietary changes experienced by cancer patients receiving outpatient treatment; 2) to assess associations between dietary changes and selected health outcomes (i.e., changes in energy levels, changes in weight); and 3) to explore the food preferences and aversions of cancer patients undergoing outpatient treatment.
SUBJECTS AND METHODS

Sample
A convenience sample of cancer patients ages 18 years and older undergoing active treatment was recruited from 7 cancer centers: Roswell Park Cancer Institute, New York University represented-17.3% breast cancer, 12.9% GI cancers, 10.8% lung cancer, 24.2% other solid cancers, 19.9% hematologic cancers, and 14.9% had multiple cancers, other malignancies, or unknown malignancies. More than half the sample was female (59.8%), and 87% of patients were under the age of 75 years. The majority of participants were white (79.5%), with the remaining being African American (9.3%) and other (10.3%). Cancer was the only chronic health condition for more than half of the patients; of those who had comorbidities, diabetes (12.6%), and heart disease (9.2%) were the most common. About 40% of participants were diagnosed less than 6 mo ago, 13% were diagnosed 6-12 mo ago, and the remaining 46.3% were diagnosed more than a year ago. Chemotherapy was the most common treatment type (89.2%).
Impact of Cancer Treatment on Diet
Cancer treatment influenced patients' appetites and thirst, and their frequency of eating and drinking. Table 2 summarizes these changes. About 40% of patients had a decreased appetite since starting treatment, and 30% reported eating less, whereas 30.6% of patients reported increased thirst, and 48.9% reported drinking fluids more frequently.
Treatment was also associated with chemosensory alterations, with 67.2% of patients reporting at least 1 taste or smell sensitivity (Table 3) . Half the patients (50.2%) reported increased taste sensitivity. Patients were most likely to report an increased sensitivity to metallic taste (18.6%). Decreased taste sensitivities were less common than increased taste sensitivity; 17.8% of patients reported decreased taste sensitivity; 4.0% (6) 0.02 6.8% (14) 5.8% (9) 6.9% (9) 13.8% (40) 9.7% (23 6.3% (13) 3.2% (5) 0.8% (1) 6.9% (20) 3.8% (9) % (n) reporting sensitivity to aroma (5) 3.2% (5) 1.5% (2) 2.1% (6) 2.1% (5)
9.3% of patients reported decreased taste sensitivity to sweet, 8.6% to salty, 4.8% to sour, and 4.7% to bitter; and 43.3% of patients reported being bothered by at least one aroma. The aromas that patients most frequently reported an aversion to were cleaning solutions (23.4%), perfume (22.4%), food cooking (11.4%), fish (10.8%), and hand sanitizer (8.2%) ( Table 3) .
Associations Between Treatment Side Effects and Dietary Changes
Fatigue and weight change are two common treatment side effects reported by cancer patients. Among patients in this study, those with reduced energy levels experienced more diet-related issues than those with normal or increased energy levels ( Table 4 ). Almost seventy-five percent of patients in our sample reported a reduction in energy since beginning treatment, whereas 21.1% reported no change or increased energy levels compared to their pretreatment energy levels. Patients with decreased energy levels were more likely to have a reduced appetite compared to patients with normal/increased energy levels, eat less frequently, be less thirsty, and drink less often. Significantly more patients with reduced energy levels reported either increased taste sensitivities or decreased taste sensitivities. Those with reduced energy levels were also more sensitive to smells, specifically cleaning solutions, food cooking, fish, plastic, and meat.
Similarly, patients who reported weight loss also reported higher levels of dietary issues. A majority of patients experienced a weight change since starting treatment. Only 31.1% of patients stayed within 5 lbs of their normal weight since beginning treatment, and weight lost was more common than weight gain (45.1% vs. 23.8%). Patients who lost weight were more likely to report a decrease in appetite (46.4% vs. 13.0%) and desire for beverages (18.4% vs. 5.9%) and a decreased frequency of eating (35.2% vs. 8.3) and drinking (12.6% vs. 4.4%), than those who stayed within 5lbs or gained weight (Table 5) .
Patients who lost weight since treatment began were more likely than patients who stayed the same or gained weight to have an increased sensitivity to metallic and salty tastes and decreased sensitivity to sour and sweet tastes. They also had increased sensitivity to the smells of food cooking and hand sanitizer.
Food Preferences and Aversions
Cancer treatment also influenced the types of foods that patients were consuming. Patients had a wide range of food preferences and aversions (Table 6 ). The top five preferred foods were fruits and vegetables (62.1%), soup (55.9%), poultry (54.4%), pasta (49.5%), and fish (47.5%). The top five foods patient avoided were greasy/fried foods (45.0%), spicy foods (39.9%), citrus/acid foods (28.1%), Indian food (27.6%), and Mexican food (26.9%).
Patients with lower energy levels were more likely than those whose energy levels remained the same or increased, to avoid most types of foods, including spicy (43.1% vs. 34.0%; P D 0.01), Indian (30.9% vs. 20.2%; P < 0.01), acidic/citrus foods (30.7% vs. 22.5%; P D 0.01), Mexican (30.6% vs. 22.1%; P < 0.01), salty (27.2% vs. 20.6%; P D 0.03), soy (22.5% vs. 11.9%; P < 0.01), Asian (21.3% vs. 12.7%; P < 0.01), fruits and vegetables (18.1% vs. 9.9%; P < 0.01), crunchy (14.9% vs. 9.1%; P D 0.02), chewy (13.5% vs. 6.3%; P < 0.01), high fiber foods (12.6% vs. 6.3%, P D 0.01), fish (11.7% vs. 7.1%; P D 0.04), and vegetarian diet (10.5% vs. 5.1%; P D 0.01).
Those who lost at least 5 lbs since starting treatment were more likely to avoid foods than those who stayed within 5 lbs or gained weight. Specifically, they avoided the following foods more frequently: spicy (46.7% vs. 36.5%; P < 0.01), Indian (32.1% vs. 25.3%; P D 0.02), Mexican (31.9% vs. 24.3%; P < 0.01), meat (24.1% vs. 17.3%; P < 0.01), Asian (23.4% vs. 16.3%; P < 0.01), dairy (21.2% vs. 14.4%; P < 0.01), fruits and vegetables (20.8% vs. 12.6%; P < 0.01), chewy (14.6% vs. 9.8%; P D 0.01), fiber (14.0% vs. 9.0%, P < 0.01), fish (13.2% vs. 8.6%; P D 0.01, pasta (11.3% vs. 6.6%; P < 0.01), vegetarian (11.3% vs. 7.8%; P D 0.05), poultry (10.3% vs. 5.0%; P < 0.01), and soup (7.8% vs. 3.7%; P < 0.01).
Selected Findings by Cancer Type, Gender, and Age
Many of the dietary issues experienced were consistent across all patient types. However, there were some patterns that emerged by cancer type, gender and age.
Breast Cancer
Breast cancer patients were less likely to report losing weight than other types of cancer (30.0% vs. 45.0; P < 0.01), and more likely to gain weight, indicating that for some breast cancer patients overnutrition rather than undernutrition may be of concern. Breast cancer patients were more sensitive than other cancer patients to perfume (35.3% vs. 18.9%; P < 0.01) and plastic (9.7% vs. 5.2%; P D 0.02). In terms of food preferences (Table 7) , more breast cancer patients preferred a vegetarian diet than other cancer types (30.4% vs. 19.8%; P < 0.01).
GI Cancers
Patients with GI cancers tended to experience a high burden of nutrition-related side effects. Patients with GI cancers were more likely than other cancer patients to report a decreased appetite (48.7% vs. 38.1%; P D 0.04). They were more sensitive than other cancer patients to the aromas of food cooking (18.1% vs. 11.2%; P D 0.02) and meat (9.7% vs. 4.6%; P D 0.01). Patients with GI cancers were more likely than other cancer patients to avoid spicy foods (50.3% vs. 37.3%; p < 0.01), Asian FOOD PREFERENCES OF CANCER TREATMENT OUTPATIENTS foods (29.0% vs. 17.9%; P < 0.01), fruits and vegetables (22.6% vs. 14.3%; P D 0.01), and high fiber foods (19.4% vs. 9.5%; P < 0.01) ( Table 8 ).
Lung Cancer
Lung cancer patients experienced a lower burden of nutrition side effects than other cancer types. In fact, patients with lung cancer were less likely than other patients to have an increased sensitivity to metallic taste (12.3% vs. 19.9%; P D 0.04), and less likely than others to avoid meat (13.9% vs. 22.0%; P D 0.04) and fruits and vegetables (8.5% vs. 16.6%; P D 0.02).
Other Solids
Patients with solid cancers other than breast, GI, and lung were more likely than other cancer patients to report a decreased sensitivity to sweet (13.8% vs. 7.5%; P < 0.01), and more likely than others to avoid high fiber foods (14.1% vs. 9.7%; P D 0.04). 
Hematologic Cancers
Hematologic cancer patients were also less likely to report several nutrition related issues. They were less likely to report a decreased appetite (29.7% vs. 42.8%; P < 0.01), and less likely to report eating less often (20.9% vs. 33.8%; P < 0.01). Patients with hematologic cancers (12.6% vs. 20.8%; P < 0.01) were less likely than other patients to have an increased sensitivity to metallic taste, and less sensitive to the smell of food cooking than other patients (8.0% vs. 13.6%; P D 0.02). Patients with hematologic cancers were less likely than other types of cancer patients to avoid spicy foods (30.3% vs. 42.1%; P < 0.01), Indian foods (21.4% vs. 30.6%; P D 0.01), meat (15.6% vs. 22.6%; P D 0.02), chewy foods (7.1% vs. 13.2%; P < 0.01), and high fiber foods (6.7% vs. 12.3%; P D 0.02). 
Gender
Females were more likely than males to have a decreased appetite and to report eating less frequently. Although the rankings were the same for both males and females, females were more likely than males to have increased sensitivity to salty, sweet, and bitter tastes. Females were more sensitive to several smells than males, including an increased sensitivity to the smell of cleaning solution, perfume, food cooking, fish, hand sanitizer, and plastic. Males were more likely than females to prefer meat (49.3% vs. 36.8%; P < 0.01) and spicy foods (23.1% vs. 17.2%; P D 0.01), whereas females were more likely than males to prefer a vegetarian diet (26.1% vs. 14.9; P < 0.01). Females had more food aversions and were more likely than males avoid spicy foods (43.7% vs. 34.9%; P < 0.01), Indian foods (30.4% vs. 23.6%; P D 0.01), Mexican foods (29.2% vs. 23.6; P D 0.04), sweets (24.8% vs. 18.9%, P D 0.02), meat (22.7% vs. 16.4%; P D 0.01), Asian foods (21.3% vs. 15.3%; P D 0.01), and dairy (19.8 vs. 12.9; P < 0.01).
Age
Younger patients were more likely to experience nutritional issues than older patients, including eating less frequently (30.4% vs. 21.2%), being more thirsty (30.9% vs. 21.9%) and drinking fluids more often (48.3% vs. 42.4%). Younger patients were also more likely than older patients to report increased sensitivity to metallic, sweet, and sour, and a decreased sensitivity to sweet (10.2% vs. 4.0%; P D 0.02). Younger patients were more likely than older patients to report sensitivities to smells; specifically they were more likely to report sensitivity to the smells of fish, meat, poultry, cleaning solution, hand sanitizer, perfume, plastics, and food cooking. Older patients were more likely to report a preference for meat (50.3% vs. 40.3%; P D 0.02), whereas younger patients were more likely to prefer Asian (24.2% vs. 15.2%; P D 0.02), Mexican (21.3% vs. 5.3%; P < 0.01), spicy (20.6% vs. 11.9%; P D 0.01), and Indian (9.6% vs. 2.7%; P D 0.01). In terms of food aversions, younger patients were more likely to avoid meat (21.2% vs. 13.3%; P D 0.02) and poultry (9.8% vs. 3.3%; P D 0.05).
DISCUSSION
This study provides detailed data on the ways in which treatment alters the diets of a diverse group of cancer patients. In exploring dietary changes among cancer patients currently undergoing outpatient treatment, we found that decreased appetite was more common than increased appetite. Sixty-seven percent of patients reported at least 1 (24) 4.6% (11) a Participants who reported more than one type of cancer or who reported having an "other malignancy" that did not fall into the five categories were excluded from analyses by cancer type. (7) 7.1% (11) 3.9% (5) 4.8% (14) 8.8% (21) GI D gastrointestinal.
a Participants who reported more than one type of cancer or who reported having an "other malignancy" that did not fall into the five categories were excluded from analyses by cancer type.
chemosensory alteration. Increased taste sensitivities were more prevalent than decreased taste sensitivity, and increased sensitivity to metallic taste was the most common taste sensitivity across patients (18.6%). More than 20% of patients were bothered by the smells of cleaning solutions or perfumes. Consistent with previous research dietary changes were associated with other treatment-related side effects (12, (14) (15) (16) (17) . Specifically, patients who reported decreased energy levels since beginning treatment were also more likely to report dietary changes, including decreased appetite (46.4% vs. 13.0%), increased sensitivity to certain tastes and smells (e.g., metallic taste: 21.0% vs. 13.0%), and avoidance of particular foods than those reporting equivalent or greater energy levels. Similar trends were seen for patients who lost weight compared to those who stayed the same or gained weight. Therefore, it is possible that addressing nutrition issues can also help manage other common treatment-related side effects and improve overall quality of life (13) .
This study also provides insight into subgroups of patients who may be more prone to experiencing dietary changes during treatment. Previous studies have had mixed findings regarding the association between gender and chemosensory alterations, with some studies finding no gender differences (14) and others finding females more likely than males to experience sensitivities (26) . In this study, females were more likely than males to report some chemosensory alterations. In general, there is evidence that females are more sensitive to odors and smells than males (27, 28) , and it is possible that cancer treatment heightens these sensitivities. Younger patients were more likely than older patients to report chemosensory alterations, which may be attributable to olfactory and gustatory functions diminishing with age (29) .
There were also noteworthy patterns that emerged by cancer type. GI cancer patients, who experienced a high burden of dietary changes, most clearly depicted the relationship between diet and other treatment side effects. Study participants were asked about their treatment symptoms and GI cancer patients were more likely than other cancer types to report experiencing diarrhea (33.6% vs. 17.6%) and nausea (32.9% vs. 25.3%). Their dietary changes corresponded to these side effects. For example, GI cancer patients were more likely than other patients to avoid spicy foods, fruits and vegetables and high fiber food, all foods that can exacerbate diarrhea. Although it is possible that these are learned aversions, information on foods that can either lessen or exacerbate treatment side effects would be useful for all patients.
Breast cancer patients were unique in that they were more likely to gain weight following treatment than lose weight. There is an adverse relationship between weight change and prognosis for breast cancer patients (10, 11) , and consequently patients likely to gain weight need nutritional advice on how to avoid gaining weight. This highlights a shift in the relationship between cancer and weight. Historically, weight loss in cancer patients has been the concern because of the association with poor prognosis (30) . Though weight loss continues to be a concern for some cancer patients, for others weight gain is now more of a concern (31). Therefore, certain patients need to be reeducated on expectation in terms of weight change, and appropriate diet during treatment. For example, many patients expressed a preference for pasta. Whereas pasta is a recommended food for those who are struggling with adequate energy intake because it is a high calorie food, overconsumption can be problematic for those more likely to gain weight.
This study has both strengths and limitations. A primary strength is the large, diverse sample of 1199 cancer patients undergoing treatment at 7 different cancer centers throughout the United States. It captured detailed data on the dietary changes and food preferences of cancer patients receiving outpatient treatment, primarily chemotherapy. Unfortunately, we did not collect more detailed information on therapeutic agents; therefore, we were unable to assess differences by the specific therapeutic agent used.
The study used a convenience sample so we do not know how participants may have differed from those who declined to participate, which limits generalizability of findings. In addition, this was a cross-sectional study so only associations (and not causality) could be examined. We attempted to address temporality by asking about changes since beginning treatment. Furthermore, the health outcome measures (e.g., fatigue, weight loss) were based on nonvalidated questions. We did not collect patient's starting weight, so we do not know the percent weight loss that 5 lbs or more represents for each patient; nor did we collect cancer stage, which is a predictor of nutrition risk. Lastly, it is possible that when patients identified foods that they preferred and avoided that they selected foods that they "should" or "shouldn't" eat given their desire to eat healthier after being diagnosed with cancer.
Despite these limitations, it is evident that for many patients, cancer treatment makes it difficult to obtain adequate nutrition. The findings from this study shed light onto common nutritional concerns in general and by cancer type, gender, and age. Treatment often alters one's sense of smell and taste decreasing both the desire to eat and the enjoyment of eating, which can lead to weight loss and nutritional deficiencies (12) . Nevertheless, many cancer patients are not routinely receiving nutritional guidance. The large number of patients reporting nutritional concerns supports the need for nutrition counseling as a standard part of care (22) . Clinicians can use the findings from this study to inform patients of possible nutritional issues given their profile and refer them to resources to proactively address these issues.
These data can also inform the development of nutritional resources for cancer patients. Our findings suggest that prevalent concerns that could be targets for nutritional interventions include 1) mitigating increased sensitivity to metallic taste and other chemosensory alterations, 2) maintaining or increasing FOOD PREFERENCES OF CANCER TREATMENT OUTPATIENTS energy levels (e.g., energy dense, high protein foods), and 3) addressing other common side effects (e.g., dry mouth, constipation, diarrhea, nausea, fatigue) that could inhibit adequate energy intake.
Although there have been some efforts to address nutrition issues during treatment, there continues to be a need for solutions (17, 18, 32) . Nutrition strategies that have been recommended include dietary counseling, oral nutritional supplementation, and/or flavor enhancers (12, 15, (21) (22) (23) . It is important to acknowledge that the association between cancer treatment and nutrition is complex and differs for each patient, supporting the need for tailored interventions rather than a one-size-fits-all approach. Patients in this study had a multitude of food preferences and aversions in terms of cuisines, textures, and flavors. The specific preferences and aversions of individual patients have also been found to change over the course of treatment, with foods and tastes that are well tolerated at one point, no longer being tolerable at another (33) . Intervention strategies need to be able to accommodate varying preferences and changing preferences.
There is a need for partnerships between physicians, nutrition researchers, registered dietitians, food scientists, chefs, and patients/survivors to develop strategies that both address prevailing patient concerns and are appealing to patients and this study provides preliminary data to guide such efforts. Nutrition resources that could be widely disseminated to cancer patients include websites or mobile apps that include recipes and other evidence-based nutrition information (e.g., general information about nutrition during treatment, the latest cancer nutrition research and implications for patient care). These formats would enable tailoring of information based on the specific needs/desires of patients. For example, recipes can be indexed by side effects, ingredients, and other relevant designations (e.g., quick to prepare). Patients could then select recipes based on their specific concerns and food preferences (e.g., "I am nauseous and want comfort food" or "foods that help with fatigue"). There is also a continued need for innovative solutions for addressing decreased appetite and chemosensory alterations that integrate knowledge of sensory science.
The data from this study provide clinicians and care providers a foundation to understand the sensory changes cancer patients experience that affect dietary intake. Future research will be needed to test 1) the effectiveness of novel nutritionbased interventions for cancer patients, and 2) the extent to which addressing nutritional concerns translates into improvements in health and quality of life outcomes.
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